FT AT L PP 2 TR A B R - AL LT RIS IS TR, LR PR 2RI R SRR R e B S R SRR T TR TR T ANRETCSEIAT T IE SO TNERT I, STV T RIS TR ST
- e - ¢ ~

ITC FILE COPY = >

v:
N
o
o
3 AIR COMMAND
< 4
h STAFF COLLEGE
) |
STUDENT REPORT -
EVENT-CENTERED SCHEDULING PROGRAM: mic .
D s | @WELECTER  *
LN e E D Rk |
3
-
] AA AA 3

R

k. YA

| =\ J |
£ ‘
:3

X

: o T 88 9 9% 985" g
7 Vfupv,'tv.;ﬂ!mml’(.“*- T ¥
2 Sruibulloa j
¢

i

o e e me e - - - - [ - e e e i f e = e e e e ——mm e —— [ -




o L AN Lo i ML o i TFC o N O S MBI B AT AW A M W A S M A L el VAR A LS R s s = ——— .

DISCLAIMER

The views and conclusions expressed in this
document are those of the author, They are
not intendéd -and Should not be thought to
represent official ideas, attitudes, or
policies of any agency of the United States
Governméent., The author has not had special
access to official information or ideas and ;
has employed only open-source material
available to any writer on this subject.

PRI § I 1O

o

This document is the property of the United
States Government, It is available for
distribution to the general public. A loan
copy 0f the document may bé obtained from the
Air University Interlibrary Loan Service ;
(AUL/LDEX, Maxwell AFB, Alabama, 36112-5564) E
ot ‘the Defénse Technical Information Center, )
Reguest must include thé author's name and
complete title of the study.

Dk

This décument may bé reproduced for use in
other résearch réports or educational pursuits )
contingent upon the folloW1ng stipulations: ’ '

= Reproduction- rights do not extend to
any copyrighted material that may be contained
in the reseéarch report,.

- All reproduced copies must contain the

following. credit line; "Reprinted by
permission of the Air Command and Staff
Codllede,"

- All reproduced copiés must contain the
name(s) of thé report's author(s).

| - If format modificéation is necessary to
‘ better seérve the user's néeds, adjustments may
' ‘ be madé to this report=sthis authérization
! : does not extend to copyrighted information or ;
- material, The following statément  must )
accompany the modified document: "Adapted
from Air Command and Staff Collége Research
Report = (number) entitled (title)
R A (author)." ™

- - — — e G e — o —— - = Su——

- This notice must bée included with any
feproduced or adapted portions of this
document,




REPORT NUMBER ss-1925

TITLE EVENT-CENTERED SCHEDULING PROGRAM: THE NEED
FOR PERT IN C-141 ISO INSPECTION MANAGEMENT

AUTHOR(S) MA3OR KENT A. MUELLER, USAF

FACULTY ADVISOR Major HENRY TAYLOR, ACSC 3821 STUS/03

COLONEL ROBERT POLK, HQMAC/LGM
SPONSOR CAPTAIN WILLIAM GETTER, AFLMC/LGM

Submitted to the faculty in partial fulfillment of
requirements for graduation.

AIR COMMAND AND STAFF COLLEGE
AIR UNIVERSITY
MAXWELL AFB, AL 36112-5542




UNCLASSIFIED

Ul \FICATI HIS PAGE
Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188
1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY

PO
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

3. DISTRIBUTION / AVAILABILITY OF REPORT

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
88-1925
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
(if applicable)
ACSC/EDC
6¢c. ADDRESS (City, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code)

Maxwell AFB, AL 36112-5542

8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
8¢c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NOQ. NO. ACCESSION NO.

11. TITLE (Include Security Classification) UNCLASSIFIED

EVENT-CENTERED SCHEDULING PROGRAM: THE NEED FOR PERT IN C-141 ISO MANAGEMENT

12. PERSONAL AUTHOR(S)

Mueller, Kent A., Major, USAF
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT
FROM T0 1988 April b

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP

\ i

f_19. ABSTRACT {Continue on reverse if necessary and identify by block number)
Scheduled inspections, specifically the C-141 Isochronal Major, consume
a significant amount of time as currently managed. The study proposes that
Program Evaluation Review Technique (PERT) methods be applied to this flow
management process to produce optimized inspection flow plans. Harvard
Total Project Manager (HTPM) software is used to build an optimized flow
which demonstrates the potential for flow day savings if attention is
shifted from scheduling within a block of time to resequencing of events.
The study concludes that current desktop project plannlng software can be
integrated into the ISO flow management process. rem

)

- -
1

20. OISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
O uncLassiFiepunumited K1 SAME AS RPT. [ oTIC USERS UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) | 22c. OFFICE SYMBOL
ACSC/EDC Maxwell AFB, AL 36112-5542 (205) 293-2867

DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE )
HINCT.ASSTRTED

w




PREFACE

For years the art of ailrcraft production schedul ing has
remained largely unchanged, while the sclence assoclated
with it has been altered dramatically. As the demands for
alrlift have increased, the incentive to lncrease
productivity in malntenance management have risen as well.
Within the constraints of our old methods and tools great
improvements have been made, but we have now reached the
part of the production curve which demands too great a price
for further gains without change.

Thig paper is aimed at a possible method to make a leap
into new and economical scheduling technlques for C-141
Isochronal Major Inspections. Techniques which might
provide further economies in industrial activities, the end
regsult of which will be additional useable aircraft on a
dally basis. 1 call it Event-centered Schedul ing Program
(ESP>, but [t 1s simply a basic application of commercially
avalilable project management software. Centered In the
Program Evaluation Review Technique, the program will run on
any IBM or compatible computer, and provide real-time event
management. It constantly recalculates the project critical
path and is capable of work schedule bulilding and resource
deconfliction.

wWhen applied to the Isochronal Inspection it is possible
to create flow time savings without expending additional D
man-hours. The key 1s the program’s ability to instantly
compute event relationships. 1 belleve that the model,
although simpliified to meet the constraints of this project,
demonstrates that savings may be achieved through a change
to Event-centered Scheduling and the use of modern
production management software.

I would like to acknowledge the assistance of
Headquarters MAC/LGXA and MAC/IGF, and especially 438th
MAW/MAM and the 438th Organizational Maintenance Squadron.
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EXECUTIVE SUMMARY A

Part of our College mission is distribution of ‘
the students’ problem solving products to
DOD sponsors and other interested agencies
to enhance insight into contemporary,
defense related issues. While the College has
accepted this product as meeting academic
requirements for graduation, the views and
opinions expressed or implied are solely
those of the author and should not be
construed as carrying official sanction.

“insights into tomorrow”

REPORT NUMBER ss-192s
AUTHOR(S) MAJOR KENT A. MUELLER, USAF

TITLE  EVENT-CENTERED SCHEDULING PROGRAM: THE NEED
FOR PERT IN C-141 ISO INSPECTION MANAGEMENT

I. Purpoge: To demonstrate an alternative approach to
Isochronal Inspection work flow management using
commercially available program management software.

I11. Problem: Although improvements in workcenter

management have occurred, efficlency and productivity in i
scheduled inspections have not kept pace with reductions in

manpower and increasing demands for airlift resources. In ]
addition., Program Evaluation Review Technique (PERT) methods
were formerly not practical due to mainframe computer
support requirements and complex data capture mechanics.
Therefore, current inspection management techniques have not
been designed to minimize flow times, but more to allocate
manpower within established blocks of flow time. Automation
at the C-141 units supports the current inspection method,
but does not provide for flow planning optimization. To
achieve lIncreased efficiency in flow planning,
event-centered thinking must be adopted and expressed ®
through a PERT project management software program. ]
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CONTINUED

III. Model: The models, ISO 1, ISO 2 and ISO 3 are
constructed using the Harvard Software, Harvard Total
Project Manager (HTPM) program. The events in the model are -
the C-141 Isochronal Inspection basic "look phase" |tems.
The flow Is expressed in inspection package job control
numbers using activity times which are a blend of standard,
three month average and random selection. Progressively
event-centered, the PERT roadmaps for 1SO i, 1SO 2 and 1ISO 3
demonstrate how savings might occur, as well as the utility
of the program’s simulation capability In the context of a
suggested event-centered flow scheduling cycle.

IV. cConciugsions: Event-centered scheduling achieved
through such software application does demonstrate possible
savings. To make the system work, however, workcenter
manpower scheduling will have to be responsive to a flow
plan that can be constantly reoptimized as activity times
change.

V. Recommendatijong: Military Airlift Command aircraft
maintenace managers, the Alr Force Logistics Command C-141
System Program Manager, and Air Force Logistics Management
Center aircraft maintenance managers should examine the
feasibllity of using desktop PERT appllication software to
improve C-141 inspection flow management,
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Chapter One

CURRENT GUIDANCE: IF IT’S WORKING, WHY FIX IT?

In the late 1960‘s the Military Airlift Command (MAC>
maintenance engineering community took a look at the
airlines and noticed the similarities in maintenance
activities and dally requirements for airframes. Under the
direction of Air Force Logistics Command, the Maintenance
Steering Group-2 (MSG-2) zonal inspection system was
developed by C-141 System Program Manager engineers and
maintenance management experts. Within that system the
Isochronal Inspection System took the basic shape we find it
In today. On the surface it appears comprehensive,
providing safe and serviceable airframes to meet the daily
MAC mission. According to Headquarters Military Alrlift
Command Flying Safety (IGFF), the C-141 has compiled one of
the safest records in aviation history with an average
between 1984 and 1987 of only .245 major accidents per
100,000 flying hours.(13:--) The quality of scheduled
maintenance being an undenjiable part of this equation, why
mess with success? The answer is efficiency. With demands
for ailrlift up In 1986 and early 1987, and the fleet of
active C-141s8 down due to transfers to the Air Reserve
Forces, there is no room for slack in schedul ing.
Therefore, total alrframe avallability days become cruclal
determinants of the responslveness of our airllft wings.
Just what is an "airframe availability day"? In simplest
terms on a yearly basis, It is the number of mission ready
alrplanes times the number of days per year they are
avallable for migslons. Because It |1s more susceptlible to
planning efforts, the most lucrative target to increase
avallablllity Is the time spent in scheduled malntenance,
speciflcally the major Inspection. Event-centering, using
Program Evaluation Review Technique (PERT) methods, can
produce savings. (2:5) To demonstrate this I will begin with
a tour of the Isochronal (IS0)> Inspection, a dlscussion of
current general policy and practices iIn scheduling, and the

shortcomings of some of the current Inspection management
methods.

wWhat 1s the Isochronal (ISOY Inspection, what is our
current methodology, and just what do we have to gain?
Let’s begin with a look at the inspection program itself.

.
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Officially, it is described as follows. "The planned
inspection and maintenance concept provides a method of
performing required inspections and repairs on a scheduled
and planned baslis." (8:4-1) O0One of four approved inspection
concepts, the ISO is the most comprehensive inspection
performed on the C-141 at the unlt level. (7:2-1> It Is
part of an inspection system that includes the Preflight,
Basic Postflight, Home Station Check and Minor and Major
inspections. According to TO 00-20-5, "the major inspection
is due upon the accrual of the number of calendar days
establ ished as the ingpection interval in the applicable
-6.%(7:2-6> All these inspections use a zonal system. That
is, the technician has specific items to inspect, but also
is responsible for "areas" around those items.(9:1-02> See
Flgures 1,2 and 3.

Understanding the basic mechanics of the inspection
deck, and the inspection interval helps one understand how
PERT scheduling can be applied. 1 will confine this
analysis to the Major ISO. The inspectlion is printed on 225
cards and is carried out within the guidelines of Technical
Order 00-20 series publicatlons and MAC Regulation 66-1.
(6:31> A Major or Minor Inspection Is due every 200
days.(This recent change based upon a proposal from the
438th Military Airlift Wing at McGuire AFB, New Jersey,
raised the interval from 150 days.)> The inspection card
deck, the 1C-141B-6WC-5, includes both general guldance such
as inspection interval, specific inspection requirements and
descriptions of the zones to be inspected.(9:--> (See
Flgures 4 and 5> The deck was prepared and is maintalined
by the C-141 System Program Manager in cooperation with
Mliilitary Airllift Command.(8:4-1) For the purposes of this
analysis, the inspection items on the cards grouped by Air
Force Specialty Code (AFSC) or gpecific Work Unit Codes(WUC)>
areas will be treated as PERT activities. Groups of cards
are often scheduled on a single work order. For example in
our inspection data (appendix A), Job Control Number (JCN>
Ci01 calls for cards M-130 and M-132 through 135 to be
accomplished. These groupings will be conslidered single
activities in my discussion and model.
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The best way to appreciate shortening scheduled
maintenance inspection flow times iIs to consider the cost of
‘down time" for scheduled events. All industrial activities
have costs, and in MAC the best expression of cost in terms
of the mission is the previously defined coi.sept of alirframe
availabllity days. The reason is the fact .hat the success
of the dalily world-wide MAC mission depends on mission-ready
aircratt. From a more parochial view, the fewer days
scheduled events take, the more aircraft are mission ready
on a daily basis, thus creating greater scheduling latltude
for maintenance control schedulers. More important,
scheduled activities lend themselves to management
techniques, whereas the unscheduled malfunctions (random
events) must be handled as they arise. Better management
of scheduled maintenance will therefore lessen the impact
created by random failures as more aircraft (scheduling
alternatlves) become avallable. From the schedullng
perspective, faster scheduled events reduce the impact of
random events, resulting in the possibility of greater
scheduling flexibility. This is the case simply because
efficient use of manpower during scheduled events makes more
man-hours available each day to handle random faillures.

Recognizing this need for economy and its benefit in
scheduling and airframes, let‘’s further zero In on the choke
point in the industrial process. ISO inspections are
performed using stands and facllities of iimited gquantities.
Usually an ailrlift wing has only one enclosed facllity for
the inspection. McGuire, for example, has been limited to
one ISO facllity due to constructlon for several years.
Therefore, another powerful argument for trimming flow times
is facility maximization. 1In the clvilian industrial world
the fixed and variable costs of operating a facility always
inspire economy. For units like McGuire, the inspiration is
an annual schedule with few slack days. To assess the
current costs in flow days I will use data from the 438th
MAW at McGuire AFB, New Jersey. This unit was selected
because it has one of the most demanding fiying schedules
among the C-141 units in MAC.(See figure 6) Based upon the
December 1987 Maintenance Digest for McGuire, the ISO flow
cost In days averaged eight. (14:--> This includes a wash
day, two "look phase" or dock days, and the rest of the time
consumed in repalr or "fix phase." A comparison of flow days
between the wings is Impossible due to the fact that there
is not a standard way for computing this figure.(16:--)

The dock days are the "in facility" days. It is during this
period that the actual inspection occurs. It is this time,
gpecifically the look phase activities, that are the focus
of this application of PERT methods and thinking as the
Event-centered Scheduling Program (ESP).

10




After the roll out at the end of day two (upon
completion of the actlivitles which require the industrial
gstands and the facility) the fix phase continues. Thlis time
is referred to as "back line." Based upon my own experience
and of those currently working the problem, the back line
flow days are often complicated by poorly orchestrated
scheduling as well.(15:-~) During my tenure at McGuire,
438th MAW personnel were able to trim 33 percent from the
total back line time Jjust through aggressive scheduling.
This was accomp!l ished through relentless use of the
Maintenance Preplan, Alir Force Form 2406, and quite
honestly, many hours of extra attention by management. Jobs
were scheduled and followed by Ingpection Branch managers 24
hours a day. Personal intervention by top management was
frequently needed to keep the effort on the "back line"
jobs. 1 obsgserved no institutional blas for economy, and the
improvements would regress without daily emphasis. We will
get at the solution when we explore the models.

In my opinion current policies and practices in
srhedul ing inspection jtems and manpower are static, and not
responsive to changes which occur once the inspection is
underway. For example, once the inspection package is
begun,the plan is no longer actively refined. It igs useful
only as a guide, not as a dynamic management tool. Based
upon my experience, the MAC Regulation 66-1, Maintenance
Management, Volume II, guidance for Maintenance Plans and
Schedul ing produces basic chronologies of events which
usualiy are modified to meet workcenter availabllity at the
expense of the optimum flow. Chapter 2, paragraph 2-34,
desacribes the planning process.(6:31) First, Plans and
Schedul ing prepares the AFTO 349 Malintenance Data Collection
(MDC) forms based upon known requirements. At the 438th,
437th, 443rd, 63rd, 62nd and 60th Military Alrlift Wings
(MAW)> this has been replaced by the generation of automated
products which perform the same function. Then the work
package is built. Delayed discrepancies and Time Compliance
Technical Orders (TCTO) are then factored into the flow. A
pre-ingspection meeting iIs held at which the flow is
presented to the workcenters. The workcenters approve the
flow based upon their forecast capability. Then the flow is
plotted on an Air Force Form 2406 and final 349s or computer
products are generated. Unscheduled items are presented to
the dock coordinator, and the 2406 adjusted. The result is
less than optimal coordination of ongoing activities, but
more Importantly, it ls scheduling Jobs to fill a block of
"dock time" rather than creating an optimized flow of Jobs
to minimize facllity time. This problem is compllicated by
the dynamics of Maintenance Job Control. According to MAC
Regulation 66-1, Volume II, Job Control "“controls all
maintenance on assigned aircraft and equipment."(6:13)

11
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Unfortunately, scheduled activities are traditionally not
glven equal footing with the demands of the flying
achedule.(6:12) I have observed thisg, and confirmed it in
conversation with the 438th MAW Deputy Commander for
Maintenance Production. (14:--) The result can be further
disruption of the Plans and Scheduling flow plan for
ingspection workorders.

The manual, reactive nature of this schedul ing process
is one of the factors which makes scheduling less than
optimally efficlent. Generally the weekly scheduling
meeting endorses or condemns the plan based upon established
workcenter manpower shift arrangements. Plans and
Scheduling “reacts" by modifying the flow, but once the
ingpection i{s underway, there is no procedure to revisit and
optimize the order of activities. This manpower centered
response does not come to grips with the demands of
production. What emerges from this process s an allocation
of gspecialists which meets the requirements for blocked
facility time, but doesn’t seek to shorten |t.

Control of gspecialist dispatch is also a problem. The
Inspection Branch of the Organizational Maintenance Squadron
138 responsible for the management of the ISO flow.(5:19)

Job Control used to dispatch, but that control has been
transferred to the Inspection Branch with the advent of the
Airiift Interim Consolidated Alrcraft Maintenance Supply and
Reliablility Maintainabillty Information System (AICARS)
computer system. The electronic dispatches now issue from
the Inspection Branch "Dock Coordinator® directly to the
shops. The sgpecialists who perform the workcards, other
than the Airplane General (APG) are not assigned to the
Inspection Branch, rather to the speciallst squadrons,
Avionics Maintenance and Field Maintenance Squadrons.(5:--)
This supervisory disconnect reduces management’s control
over activity start and completion times. The ISO
production manager’s static plan, limited control of
specialist dispatch, and "two day block of time" dock
philosophy insure that facility flow times are rarely
reduced.

In terms of order of events and dynamic scheduling to
produce the shortest flow times, current specialist dispatch
methods are, In my opinion, an area where improvement is
possible. Currently it is manpower availability centered
with insufficlent regard for when activities need to take
piace. My experience in managing an organization which
produced well over 100 major and minor inspections a vear
taught me that the bottom line is that the workcenters will
"pay for the activities" called for in the inspection sooner
or later. The question I hope to answer at the end of this
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paper is, why not cover the activity in its optimized order?
: To do this I‘1] argue that some current conventions must be
l discarded, and the notion of adjusting shift availabilities
to take advantage of PERT methods must be adopted.

The pitfalls of the current methods provide fertile
ground for PERT innovation. Dispatch of specialists for the
ISO flow work requirements is often done on a "make it fit"
basis. Job Control defaults in favor of the generation
effort. As previously stated, with the new automated
system, the dock coordinator can control the dispatch of
specialist to the dock. But Job Control often is
dispatching from the same pool of manpower, and the launch
‘red streak" workorders come first. In MAC, the aircraft
on the schedule within two hours of launch, and those in the
first eight hours of recovery are priority 02. The I1SO
alrcraft is priority 03. There is nothing bad in that, in
and of jitgself, except that it is habit-forming, and we have
institutionalized the lower prioritization of inspection
activities. I have observed no real Incentive for the
gspecial ist workcenters to modify the way in which they
schedule manpower against inspections. Hence, swing and
grave shift support may suffer when management attention
decreases at the end of the day shift. Why not redefine
priorities in terms of efficiency? With PERT methods the
same number of man-hours will produce a shorter flow. 1711
show you how this works In the explanation of the model
"look phase" flow.

Essentially what has evolved is a flow plan which meets
minimum "block” time constraints with little regard for the
minimizing of facility time or total flow days. In
addition, commitment of manpower resources and priority of
dispatch have produced a system in which the job seems to
expand to fit the facllity time--or exceed it. There Is an
opportunity with PERT methodology to right some of these
problems.

W
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Chapter Two

OVERLOOKING THE OBVIOUS: THE PERT METHOD’S ADAPTABILITY TO
ISOCHRONAL INSPECTION SCHEDULING

Program Evaluation Review Technique(PERT) was developed
in the early 1960’s to support a defense contractor’s effort
to manage the Polaris submarine development program.(2:4)

It is a basic graphic way of chronologically ordering a
project to allow the simultaneous completion of compatible
activities.(1:425) Activities are defined as basic work
groupings.(1:424) In our application the activities will be
specific inspection work cards or groupings of carded work
ltems by AFSC/WUC. The result of this ordering is the
shortening of the project, by minimizing slack time. Before
adapting the methodology to the ISO inspection program,
let’s take a l1ook at the terminology and concepts of PERT as

described in PERT-Time System Description Manual.(3:I1I-1)

EVENT-symbolized by a box an event consumes no time
itself, but signals the start/finish of an activity. Events
are best thought of as milestones.

ACTIVITY-the task, in this case a IS0 card item or
items is symbolized by an arrow. The arrow length in the
PERT chart does not necessarily relate to length of the
activity, but is used to connect events.

CRITICAL ACTIVITY-This is an activity which occurs
along the critical path.

CRITICAL PATH-Simply put, this is the shortest way
through the production process being analyzed. Critical
path activities have no slack time.

TE-In the PERT chart this symbolizes the earliest
expected event time.

TL-The latest allowable event time is represented by
TL. 1If the required event does not occur by TL, a delay
will be incurred.

SLACK TIME-Expressed mathematically this is TL-TE.
Each path in the chart is evaluated for siack time, activity
by actlivity. Activities with zero slack time lie on the
critical path.

15
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ROADMAP-Also called a network, this is the graphic
model which results from PERT scheduling. It is a lattice
of event boxes and milestones connected by activity arrows.

Lawrence Lapin‘s text on Quantitative Methods best
describes the utility of PERT. "A major advantage of PERT
Is that the network provides a basis for establishing a
compatible activity schedule that permits project completion
in a minimum amount of time."{1:430) This essential quality
of PERT makes it very adaptable to the ISO lnspection
process. As for speclfic drawbacks, the PERT method used to
become unmanagable rapldly because |t was done manually, and
requlired main frame data automation support. It is likely
that for this reason its application has not become more
wide spread until recently. The solution appeared with the
proliferation of desk top computing capability, and the
emergence of simple application software for PERT. More
than one of these programs exists, but I have used Harvard
Total Project Manager (HTPM) as my tool for this
project.(12:--)

Let’ examine a generic PERT roadmap so that you will be
comfortable with the process when I get to my ISO
appllication. 11711 use terminology and symbols which come
from the program with which I have bullt my event-centered
schedules.(Figures 2,10 and 11> First, as In Figure 7, the
START and FINISH are clearly labeled. The numbered boxes
are the EVENTS. Remember these do not "take time", but
represent the beginning and end of adjacent ACTIVITIES. The
lines (or sometimes arrows) between EVENTS are the
ACTIVITIES. These represent the time it takes to do the
tasks within the ACTIVITY. Next, to construct the ROADMAP
with the program, a scheduler simply loads the EVENTS and
their expected ACTIVITY times. Then he or she indicates to
the program if an EVENT must precede or follow the
particular tasks being loaded. Finally, once accepted, the
new ltems are automatically computed into the ROADMAPC(OR
NETWORK>. The CRITICAL PATH appears as a double line. 1If
adding an activity to the ROADMAP changes the CRITICAL PATH,
it will be displayed automatically. Gone forever are the
tedious calculations and requirements for mainframe computer
support. Because the mode) constantly reevaluates the
CRITICAL PATH, changes in ACTIVITY time can instantly be
evaluated by the scheduler and production manager to revise
the schedule or redirect resources to meet the goal. This
power to simulate results of changes is an especially
powerful tool in the decision making that goes into how to
expend manpower resources.(3:1-5) This feature is very well
suited to the ISO inspection, in that each inspection
involves adjustments based upon subtie differences from
aircraft to aircraft. Harvard Total Project Manager is also

16

AT

\_J

e AW




Typical PERT Roadmap

c— ctritical path

Path Change With Added Event

e critical path shift

The revised critical path is
automatically recalculated
and displayed by the Project
Manager software.
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capable of relating calendars and resource limitations to
industrial activities, but I have utilized only the
scheduling portion of the program.

If it‘s such a great system, why hasn’t it been put to
wider use? The answer is that up until recently the
calculations for each event, as well as for the critical
path had to be done by hand. At best they were done by
large main frame computers, at great expense. PERT-Time

i i gspends seven chapters explaining
the mathematics and data automation needed to make the
system work. This cumbersome process is no longer needed to
carry out PERT scheduling.(12:--)> Now the constraints of
the past are gone as PERT ROADMAPS and resource allocation
for industrial activities exceeding two thousand activities
may be done in any wing Plans and Scheduling equipped with a
IBM compatible computer and dot-matrix printer capable of
printing 180 column width.(12:iii)> PERT methodology indeed
provides a unique tool for Industrial managers to exert
control over the architecture of their activities, to both
more effectively use their resources and shorten production
times. In 1963 as the method was just gainin~ acceptance {n
its most rudimentary form, i1ts strengths fur production were
already well defined. _Volume 1, PERT-Time System
Deescription Manual, published by Air Force Systems Command
identified ten advantages of PERT which are as true today as
they were twenty-five years ago.

PERT:

1. provides disciplines which insure complete program
coverage, avoids omission of important tasks at the outset
of a program, and provides visgibility from the total program
objective down to the lowest supporting task.(3:14)

2. fixes regponsgibility and assures continuity of
effort degspite turnover in either executive or operating
personnel .(3:14)

3. agsists in identifying real time reguirements and
provides limits for detailed scheduling.(3:I14)

4, spots potential problem areas in time for
preventive action or for improvement.(3:14)

5. wuses the management-by-exception principle in
reporting to higher levels of management.(3:14)

6. measures accompl ishment against current schedules
plans and objectives.(3:14)

7. provides an opportunity for consideration of trade
offs in funds, manpower, performance, and time between
critical and noncritical areas of effort as a means of
improving schedule plans for one or more programs.(3:I5)

8. permits rescheduling and provides periodic
evaluation of plans.(3:15)

18
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9. makes it possible through its simulation techniques
to evaluate and forecast outcomes of alternate plans before
implementation.(3:15>

10. provides a historlical data bank for the program
which can be drawn upon for new programs.(3:I15)

Now that I‘’ve discussed why we need to make
improvements, the strengths of the PERT method, and some of
the detalls of the program I‘ve chosen and [ts advantages,
let’s go on to the scheduling exercise I‘/ve done to
illustrate my point. I call it Event-centered Scheduling
Program (ESP), and it‘s a combination of PERT, and a shift
away from the some of the scheduling thinking I have already
addressed.

19
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Chapter Three

THE EVENT-CENTERED SCHEDULING PROGRAM(ESP): MAXIMIZING
FACILITY USE, MINIMIZING INSPECTION FLOW DAYS

The success of brief periods of schedule compression
during my tenure at McGuire left me convinced that
significant slack time existed in the ISO program. Although
people seemed fully employed, it was apparent that their
activities could be fit together in a more efficient
fashion. The test came in 1987 when we at the 438th
Military Airlift Wing were tasked under the MAC/AFRES
memorandum of agreement on the C-141B transfer to handle
additional ISO inspections. Local managers told us
that we could "just not go below two dock days." Plans and
Scheduling calculated that a day-and-a-half flow (36 hours
of "in facility time") woulid provide enough room for the
additional inspections. So, over objections, we established
the day-and-a-half flow, and it worked. Most aircraft had
28 to 36 hours of "in facility" time. One rolled out in 24,
and they were all different. An important feature of this
flow is that short facility time did not significantly
increase the "back line" days. The result was fewer total
days of scheduled inspection down time. This contributed to
the rising mission capable rate for the 438th MAW during the
spring of 1987.(14:--)(15:--)>(See figure 8)

wWhat kind of guidance is available for production?
Technical Order 00-20-5, paragraph 2-1, a.,3 merely outlines
the inspection system; paragraph 2-10 defines the
concept.(7:2-6) MAC Regulation 66-1, Volume I11I, Chapter 2,
section C, clearly defines the Inspection Branch Chief’s
duties. It discusses tools, charts, cards and the
Maintenance Preplan form 2406.(5:19) MAC Regulation 66-1,
Volume 11, Chapter 2 is explicit In explaining the use of
the form 2405, Personnel Availability Forecast, and an
explanation of shop backlog. (6:31)> 1In addition, MAC
Pamphlet 66-66, Workcenter Management Handbook, devotes a
good deal of sSpace to the mechanics of repair cycle work
schedul ing.(4:4-32) As described in Chapter One, the
resulting schedul ing process produces only roughly
deconflicted chronologies. What is missing across the board
is reference to personnel schedulling to optimize schedules
of industrial activities. As strange as this lack

21




'5'l*l‘l'III*I‘I4||I*I‘I':|I';
Jan Mar May Jul Sep Nov
fFeb Apr Jun Aug Oct Dec 87

EourcejMaintenance Digest
4u38th MAW, Dec 87.

[===s] MAC standard is 85%

Jun Ju-l ﬁ

883 85, n"':'aa 5860

Flgure 8
22

v

W\_J

I \. S



e T

of guldance may seem, I have witnessed it for thirteen
years. I am suggesting the analysis of 1SO flows,

schedul ing based upon the shortest path, and constant
simulation within the PERT computer program to update and
optimize the use of personnel resources. Now, let’s look at
a simple scheduling exercise using the Harvard Total Project
Manager(HTPM), data provided by HQ MAC(1li:--> and 438th
MAW(10:--> and some event-centered thinking.

First, discard the conventional notion that workcenter
manpower avalilability is less adjustable than industrial
event schedules. Assume that based upon recomputed
requirements workcenter manpower can be tailored for maximum
efficiency in event order. Thus "event-centered' we can get
on with the model. The basic data for the mode) is a
standard AICARS report and may be found in Appendix A.
Numbered 7143-M378SR and titled AFTO 349 Special Discrepancy
Verbiage Listing, it is sequentlally numbered by Job Control
Number(JCN> beginning with C001 and ending with
€c278.¢10:20> Also used was Appendix B, VIRP-M379S11, Man-
Hours for McGuire IS0’s (Major) October-December 1987, and
Appendix C, which is a summary of hours expended against a
randomly selected inspection of aircraft 157. As previously
mentioned, jobs frequently encompass more than one card. I
limited the model to the cards which reflect preparation,
opening and "look phase" items. I selectively included
service and repair activities that I know require the
industrial stands in the dock. In short, the object of this
exerclse is to shorten the "in the stands" or facility time.
Here are some explanations of key elements of the model.

A. _EXPECTED TIME for the purposes of the model is a
synthesis of the the 7143 report job standard, the by job
number recap of the randomly selected inspection of alrcraft
157, and a H@ MAC/LGXA three month average, by job number,
of 13 major inspections at McGuire. This cross-checking was
necessary due to the fact that Maintenance Data Collection
(MDC> figures for "look phase" cards are frequently inflated
inadvertently through the inclusion of “fix" activity time.

B. _CREW SIZE was the job standard designated number.
This was the most reasonable estimate because MDC units for
the inspection reflect zero except for the single entry in

which the insgspection is cleared. In addition the crew size
is in fact a resource variable which may be manipulated in a P
more sophisticated model. Crew size was used to divide 7
total times for activities to create a straight line
expected time estimate.

C. _EARLIEST TIME was calculated by the HTPM program.

D. _LATEST TIME was calculated by the HTPM program.

E. _SLACK TIME was calculated by the HTPM program and PY
used to continuously calculate the critical path. R
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F. _CRITICAL PATH calculated and graphically presented
in the roadmap display of the HTPM program.

The data was input by Job Control Number(JCN)> up to the
“close cards* (panel up). This essentially produced a ready
to roll ailrcraft. The first run, titled ISO 1, was input
with regard for sequencing, but with no attempt to optimize.
For example engine cowlings were opened (JCN C063-66) before
the engine inspections were scheduled (JCN C079-80 and v
C083-84). The second run, ISO 2, was very simply
event-centered, by moving the start of JCN C079/109, the aft
fuselage and fuel cell cards, to immediately follow the
Inspection start. This could be accomplished due to the
&l fact that no other event must precede these cards.

W

Furthermore, the areas and gpecific actions do not conflict
with other activities. Run number three, IS0 3, reflects
further simple event-centered refinement. The Aero Repair
cards, organized under the JCN C106, were moved out of a
chain of events upon which they did not depend. They were
placed after JCN C001/38 which are prep and open card |[tems.
Since experlience has indicated that total flow days need not

= go up if facility time is limited, the differences in flow
times (delta) may represent savings in down time for
scheduled major inspections.

Manpower requirements would vary from inspection to
inspection, but would become more predictable as the data
base developed. The ESP schedul ing product would be
available to all workcenters. As events occurred or
activity times changed, the scheduler could use the
simulation capability of the program to give optimized and
finely tuned requirements to the shops literally on a
minute-by-minute basis. In Chapter Four I will describe the
ESP schedul Ing process.

Keeping in mind that two days (48 hours) was an
accepted "in facility" flow time, the ISO 1 schedule
produced a rollout in less than 40 hours, 35.8 hours to be
exact.(Figure 9) The order of events was revisited in ISO 2
and, activity start times moved to get more shops employed
performing more cards concurrently. The alrcraft was
complete in 27.5 hours, a savings of 8.3 hours.(Figure 10>
In 1ISO 3 (Figure 11), as previously explained, activities
were further deconflicted, resulting in more simultaneous
events and a facility flow time of 23.7 hours, 12.1 hours
better than 1SO 1.(Figure 9) The standard 48 hour/1S0 3
difference of 24.3 hours represents a significant possible
savings in flow time. This delta, extrapolated in a
straight line fashion over 60 major inspections per vear

- equates to just over two months of additional airframe
availabllity for one of the unit’s assigned aircraft. It is
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literally like increasing the number of unit assigned
aircraft. Admittedly such straight line predictions are
dangerous, but the point of thlis paper is not to produce an
airtight model, but to point out a new way of approaching
the scheduling task. What has been demonstrated is that if
we change our perspective, pick up some off-the-shelf
software, and reorient our scheduling effort, we may be able

. to improve efficlency and reallze some flow day savings,
savings which equate to available aircraft.
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Chapter Four

PRODUCTION MANAGEMENT IMPROVEMENTS: WHO NEEDS ‘EM?

Now that the possibility for flow day savings has been
demonstrated, just how would the program be managed in the
schedul ing process? Further, are there other production
management Iimprovements which have obvious applicatlon in
the ESP approach to schedul ing?

ESP would fit the current planning cycle outlined in
MAC Regulation 66-1, Volume 2, Chapter 2.(6:31) For C-141B
units the AICARS inspection package could serve as the
source for the ESP flow plan. Just as in the product ! used
for my model, inspection card items, or groups of items,
would be organized by specific JCN. Prior to the scheduling
meeting, Plans and Schedullng would optimize the flow to
meet the Deputy Commander for Maintenance Production flow
requirement, let’s say 24 hours in the facility. Then
delayed discrepancies and Time Compliance Technical Orders
(TCTOs> would be factored, and the ESP program would
automatically recalculiate the optimum flow.

The workcenters and Job Control! would then join Plans
and Scheduling at the Pre-inspection Meeting. Usually held
once a week, several ingspections would be refined at this
meeting. The optimized ESP flow would be critiqued using
event-centered priority. The workcenters would plan for
shift tailoring if needed. After the meeting a resulting
"start" ESP flow would be used to generate an AICARS product
reflecting estimated specialist dispatch times. The ESP
program would replace the Air Force Form 2406 as the
Inspection Branch Chief’s primary flow planning tool.

Once the inspectlon was underway, control of specialist
dispatch, and the active ESP flow plan management would
shift to the Dock Coordinator of the Organizational
Maintenance Squadron Inspection Branch. In the Dock
Coordinator’s "cage" the active ESP flow program would be
booted up, and AICARS specialist dispatches accompl ished as
planned. Unscheduled problems, or anything which might
affect the ESP projected flow would be loaded into the
program by the Dock Coordinator, and the new flow
automatically calcuiated by the ESP program. The Dock
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Coordinator would inform the workcenters through AICARS,
adjust dispatch times accordingly, and update Job Control.
Completed ESP flow plans would be recorded on a hard disk
drive, and the resulting data base managed by the
Documentation Section of Maintenance Control.

As for related innovations, based upon the fact that
the standard computers in C-141 maintenance squadrons are
IBM compatible, it is likely that the ESP program would be
networked to the various workcenters using modems. This
would allow for simultaneous update of each manager’s flow
plan. The reports generating capability of the program
would be used by management to assess the success of the
schedul ing and production effort. Further, the resource
management elements of the program which I have not
exploited in my proposal would be fully developed by the
unit level managers.

In addition, repalr cycle innovations should be applied
to ESP scheduiing. Specifically, prepositioning of
frequently replaced hardware and assemblies could prevent
filow delays. On the C-141 items like the main landing gear
yokes, trunions and adapterg, the latrine, galley, the life
raft silos, life raft straps and radome are good examples of
items that could be removed on the wash day, and
replacements installed during the first eight hours of the
inspection. Such planned repalr cycle replacements would
have to be balanced against their additional cost, but are
exploitable in an effort to provide more mission capable
ajrcraft through event-centered flow plans. Frequently
replaced expendable panels could be kept on supply point in
the Dock, with a library of trim/drill templates to expedite
installation. The templates would be accumulated by tail
number during the first cycle of the new program. Although
it would have to be carefully evaluated agalnst required
spares levels, propulsion managers could plan for an average
of one engine replacement per ingpection due to cracks,
corrosion or other factors. These types of injtiatives
would enhance the application of ESP scheduling.

The encouraging conclusion reached is that
event-centered schedul ing does present the promise of
savings in an industrial activity such as a C-141B Major
Isochronal Inspection. Flow day savings are not
predictable, but those likely economies are not the only
benefits which can be reasonably expected from such an
application of PERT methodology. Man-hour expenses should
not increase. For example card C061, removal of an engline
pylon drip pan, will cost you the same two hours no matter
when you expend them in the flow plan.(9:61) Based upon
deconfliction and Propulsion Branch availability, why not do

o
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it as early on day one of the inspection as possible? This

is the premise which, if applied through existing production
management software, can result in savings. In fact, using

the deconfliction capability the program simulator gives the
scheduler, I believe, savings in absolute man-hours expended
during the inspection can be achieved.

As stated in the Materials Management Institute book
PERT/CPM, “PERT is not the end all, but has advantages not
offered by other systems."(2:5) It was designed for large
projects but is well suited for small groups of activities
as well.(12:1-1) Event-centering forces organization and
demands logical control. Not only a major organizing tool,
it can be a superior communication instrument for all layers
of management.(2:5) In the case of HTPM and other project
management software, it Is also an excellent report
generator, and a tremendous industrial management simulator.
PERT, if exploited through a method such as event-centered
scheduling (ESP), will furnish the IS0 Dock Coordinator
*...not a tool that will do his job for him, but one which
will extend his abllity to act effectively with the best
information available."(2:3)
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IANSER TAS INSTALLED

NFO-

EM)T -ND.4 FYLON FIRE BQTTLES CANNOM PLUGS DISCONNECTE
I FOR CONTINUITY CX
[IANSER TAG INSTALLED

INFg-

KEFR -LT MLG BELLCRAMN DRIVE ASSY REMOVED FOR INSP,

ma-

49
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20 NOY 87/0936EASTERN (MABR7143-H370SR-FTFL)  AFTO FORM 349 SFECIAL DISCREPAMCY YERBIAGE LISTING PAGE 2

HUC  ®/D START
WORE DISC  W/C  A/T EVENT JOR PASE ELEC WYD RED
N3P ITEM TMME IHD JCM SRS /M ID0 SIND LINE OFF REQ ACT DISCREPANCY VERBIAGE LISTING

2O17% S NRAA 030 M L HAN .9 REFR -RT MLG BELLCRANK DRIVE ASSY REMOVED FOR INSP
03310 1.9 HRS -
N
nroe-
121769 Sh MW/E 03712 M I T PHEL -LT HLG BOGIE DISCONNECTED FOR SERVICE
03340 1.5 HRS
co72
IHFD-
124770 S W6 0371y M 1 L0 FHzU -RT HLG BOGIE DISCOMMECTEL FOR SERVICE
23340 1.0 4’3
[971
-
I 8 Tlhe 0IN) M 280 L0 YOCK -C/H AFT CARGD IN3P CARDS M-029 THRU M-034;EXCEPT
2 4.0 KPS H-034 ITEW 1D
£074
INFO-
TN B WM 0371 M 1M L0 IOCK -RT WING LIFE RAFT REMOVED FOR INSP
p2201 1.) WS CONFARTHENT ROOR OFEN
€075
IHFQ-
12 1899 B¢ MMAR 037IN M 1A K -LY WINS LIFE RAFT REMOVED FOR INSP
201 1.0 Yes TONFARTHENT HOOR OFEN,
£074
HFo-
L
21810 S A 3w 20 POLK -C/N NLG INSF CARDS M-038 THSU H-04)
RO 4,0 URg
77
g~
Ld
LN S B | (77 T V5 L IO ) gy -C/0 T-TALL INSP CARDS M-071 THRU M-272
50
L)




W

02201 4.0 WRS AND H-071A
€078
NFo-
12 1830 10 INA 03710 M 1N .0 ENGI -NO,1 ENGINE MAJOR 150 INSPECTION DUE 1/A/M
0323C .5 HRS 1C-141B-5HC-5.  €/K INSP CARDS M-224, AND M-077 THRU M
co79 -082,
INFO-
121850 WA 03719 N 1M .0 ENGT -HO, 2 ENGINE MAJOR 159 INSPECTION DUE 1/A/N
n323C .S URS 1C-1418-8HC-5.  C/H INSP CARDS H-224, AND M-083 THRU M
£oge -088
Mo~
12 1880 8 1WA 030 N I L0 DOCK -C/W CTR HING ISP CARDS N-018 THRU M-025
02261 4.0 4RS N-034 1TEH 1D
£081
INFO-
121850 Sh WA 03710 A 2NN L0 DOCK -C/H LT MLG TNSP CARDS N-0A1 THRU M-046
12201 4.0 HRS
£082
Fo-
ITOITI0 30 N 3L M L L0 ENGT -NO.3 ENGINE MAJOR IS0 INSFECTION DUE 1/A/W/
0323 .5 HRS 1E-141R-6HC-5,  C/H IMSP CARDS M-224, M-089 THRU M-094
€083
1HFO-
12 1949) 4 IWA 03710 M 1 Ha .0 EMGI -HD. 4 ENGINE Mo R 150 INSPECTION 1/A/M
323 .5 483 1C-141B-¢HC-5,  C/H INSP CARDS M-224) AND M-095 THRU M
(084 -109
)
1NFQ- 7
o
L
51
1
|
L




T 2% NOY 87/9734EASTERN (HABR7IA3-M378SR-PTFL)  AFTO FORM 349 SFECI&L DISCREFANCT VERBIAGE LISTING PAGE 26
. IC H/D START
; WORK BISC W/C  A/T EVENT JOB BASE ELEC Wik RCD
% 3P TTEM 209 IMD JCH SRS WM ID  GIND LINE OFF EEQ ACT NISCREPAMCY VERRIAGE LISTING
121970 U INA 03710 M L .0 APUS -APU CONPARTHENT THSFECTION DUE 1/A/W
0323 5 S 1C-141R-¢HC-5. C/H TNSF CARD H-101
£085
-
X
] 121990 S0 WG 0370 M L HN .0 AFUS -8PU STARTER REHOVED 1O FON
. Q32 3 HRS
Cne
-
17 2000 SN MVA 03710 M Lm0 AFU3 -AFU STARTER CLUTCK REMOVED FOR BENCH CHECK.
Q223H 5 155
£087
1HFQ-
IO2M 1 IWA ST M THAN LD ENGD -ALL ENGINES HO. & EEARING EXTERNAL OIL STRAINER
N334 5 M MWE LEAK CHECK,
co8e
TUFQ-¥¥F ST DOCKNA
12 M50 5F INA 03710 M THM .0 DOCK -C/H KT MLG INGP CARDS M-047 THRU M-051
02201 4.0 MRS
£085
1FQ-
IDOMID B TR 03D H PRI, I0CE -C/W RT HING INSP CARDS M-061 & M-062.
201 4.0 HRS
£05)
1HFQ-
1710 g TA N30 M I TOCK ~C/H RT WING INSP CARES M-063 & M-064.
2201 §.0 HRS
(s
1HF -
I B A 03 v T Tk -/ RT HING ISP CARLS M-065.
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2130

243

A3

2147

84

oA

74

74

74

In/a

/A

02201
cos2

03710
a2201
€093

03710
2201

< C094

/A

T/a

/4

IN/A

03710
02201
€095

03710
22201
€094

03719
02201
Los7

03710
02201
238

£.0 HRS

4 HaM
4.0 HRS

4 HAN
4.0 HFS

§ Man
4.0 HRS

4 U
4.0 HRS

4 HAM
4.9 HRS

4 AN
4.0 48§

m——————-—

53

InFO-

DOCK -C/H RT WING INSP CARDS N-045A.

INFO-

OCK -C/W RT RING INSP CARDS M-064 § M-067.

INFQ-

DOCK -C/H LT HING INSP CARDS M-052 & M-053.

INFO-

DOCK -C/H LT WING INSP CARDS N-054 & M-055.

INFO-

DOCK -C/W LT WING INSP CARDS M-056.

INFO-

DOCK -/ LT WING INSP CARDS H-045A.

INFO-

w\_J
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20 HOY B7/0936EASTERN (NABR7143-H37BSR-PTELY  AFTN FORN 349 SPLCIAL DISCREPAMCY VERBIAGE LISTING PAGE 77
| HUC /e START
WOk DISC W/C A/T EVENT JOR BASE ELEC M40 RCD

“ TIEN IOME IND

JCN SRS WM 1D STND LINE OFF RER ACT DISCREFANCY YERBIAGE LISTING

12

1

215

2180

29

Anen

o

4]

£

9

/A

1H/4

/A

IN/A

m/a

/s

I{IA

27y M d U L0 DOCK -C/0 LT WING INSP CARDS H-057 & M-058.
02201 §.9 HRS
rose
INFO-
LAY U 15N .0 FREV -C/W HYD MLG INSI CARBS M-127 THRU H-129
03340 §,0 HRS
€102
NFO-
o371 M 1A L0 PHEU -C/W HYD INT IMSP CARDS M-130, M-132 THRU N-135
A3349 4.0 HRS
ci0t
INFO-
03710 N 1 a0 PNEU -C/W HYD LT HING INSP CARD M-137
23340 4,0 HRS
£102
INFQ-
03710 ¥ 1 HaW o LD PNEY ~C/W HYD RT WING INSF CARD M-138
R3340 4,0 H¥S
103
1lFo-
03790 4 W 1w 0 FHEY -C/W HYD TAIL INS® CARD M-136
R3340 4,0 4RS
104
INFO-
WY % N 1M 0 PHEY -C/W HYD FYLON INSP CARD M-131
N3745 §,0 YRS
105
mrg-
MW R M A L0 gy KEFR -/ /R THSF CERDS M-102 THRU M-117




2250

2280

227

2309 4

2319

IN/A

/A

/A

v

VA

IN/A

2331
€105

03710
3170
€107

03719
NI140

109

03719
23321
107

03717
04239
C119

0371h
04119
ti

03710
84140
012

6.0 HRS

[
8.9 HRS

Hono 2

6.0 HRS

N 2H
4.0 HRS

N &NA
4.0 HRS

KoM 2NN
4.0 HRS

oM 1 HAl
4.9 HRS

.0

55

[(NFQ-

NDIS -C/H NDI INSP CARDS M-073 THRU M-075

INFO-

CORR -C/K CORR INS® CARDS M-142

INFO-

FUEL -C/W FUEL CELL INSF CARD M-137 THRU M-14t

INFO-

ELEC -C/R ELECT INSF CARDS M-153, M-154,

INFO-

RAPL -C/H RDO INSH CARD M-144 THRU M-146

INFO-

Conr -C/H COMP INSF CARD M-143

INFO-

]
A

i
_ e
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20 MDY 87/093ENTTER (NABR7LAT-NIESC-PTFL)  AFTO FORM 347 SPECIAL DISCREPANCY VERRIAGE LISTING PAGE 28
i NIC W/ START
? NORC DISC WC /T EVENT JOB BASE ELEC HYD RCD
™G ITEW ZONE IND UCN SRS WM 1D STHD LINE OFF RED ACT  ISCREPANCY VEFBIAGE LISTING
‘ M 6 WA OTI0 A M LN L0 RAIW ~C/N NAUX INSP CARIS H-150 THRU M-152
. 04129 4.9 RS
oy
HFO-
. 2L A BT BN T AUITO ~C/W AUTO FILOT INSF CARL H-148
04219 1) MRS
c14
N~
le DB ¢ M 0 M A 2mN .0 INST -C/W TNGT NP CARDS H-147 AND M-149
' 01720 4.0 4RS
s
INFO-
0O M A 0TI M M 2N L0 EII -C/H EC5 INTERIOR TNSP CARDS M-118 THRU M-120
03360 1.0 #RS
Cite
IHF0-
120B0 B WA 0315 K M 2WM L0 EIT -C/W ECS CTR HING TNSP CARD W-121
3369 0.0 KBS
ity
INFO-
20 1 DA 010 M M 1m0 EIVT -C/W ECS INSF CARD M-089AiM-122 THRU M-126
0331 1.0 S
i1
INFQ-
D2 AL 030 K M DHM L0 [OCY -C/H LT STA LUBE CARD H-170
22201 1.0 485
iy
Q-
I T DA 0310 M M MM L0 g I0Ck -C/W CARGD LUBE CARE M-178) H-172) H-223) AND M-2




p—t
r

2 2.0 HRS 23 AN H-1E2
C12
IHFO-
2410 &R IN/4 03710 M M I HAN D BOCK -C/d RAMF LUBE CARDS M-174 THRU H-179 AND
a2201 2.0 KRS H-198
c121
INFO-
2420050 INA Q3710 oM WA 9 MOCK -C/H LT ML5 LUBE CARDS M-190 THRU W-197
a2t 1.9 H&S
~r122
INFO-
23430 IF INA 0370 3 N 1N L9 LoCK -C/W RT MLG LUBE CARD M-199 THRU M-206
291 1.0 4RS
C123
meo-
2040 74 AN 0TI MM 1 HAM 0 DOCK -C/W LT HING LUBE CARD M-207 THRU M-214
201 1.0 HRS
C124
HFO-
J50 8 TNA DI M on f M L0 1CE -C/H RT WING LUDE CARD H-215 THRU M-221
a2 1,0 HR3
[125
HED-
460 58 IN/A 03710 M o 1 HAM L9 OCK -C/W NLG LUBE CARDS, M-184 THRU M-189 AND M-222
LA 1.9 HRS ADD: H-172 TTEM 1
C12é
NFG-
L
1
57
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a0 N B7/0TAEASTERN (MABR7143-N37853-PTIFL)  AFTO FORM 349 SPECIAL NISCREPAMCY VERBIAGE LISTING PAGE 29

NUIC KD START
HORY TISE W/C A/T EVENT JOR BASE ELEC HYD RCD
N3P OITEM ZOME IND JCN SRS H/M 1D SIND LINE OFF RER ACT DISCREFANCY VERBIAGE LISTING

122470 %4 TH/A 03710 N M 1 MAN .0 1OCK -C/N T-TAIL LUBE CARDS H-180 THRU M-185 .
0221 1.9 HRS
o1y
INFO-
122480 7 1WA 03710 M N 10HAM 00 10CK -C/# 130 CLOSE CARDS M-155 THRU M-1é61
02201 4.0 HRS
C12¢e
INFO-
12 2499 1 W8 93710 H A 2HAW .0 OMS -A'L & PYLOM SAIL BOAT FANELS REMOVED PRIOR 10 PO
oS .5 MRS ST OTK ENG RUNS
C128
INFO-*x FOST DACK »x
DML IMA 03710 (R ) OHS -HO.1 ENG INLET DUE FOD INSP PRIOR 10 RUM
s .3 HRS
€130
INFQ-#% £OST DOCK #x
120517 2 W/a 03710 M 10 ™3 -NO.2 ENG INLET DUE FOR INSP PRIOR TO RUN
s .3 HRS
C13t
INFO-#% FOST DOCE ¢
12 2520 3 M/ 0379 A 1 MAH 0 OHS -NG.3 EMG INCET BUE FOD INSP FRIOR TO RUM
OHS L1 HRS
L1
HFO-wx FOST DOCK v
T I/ 0370 1M .0 045 -MO.4 ENG INLET DUE FOU INSF PRIOR 7O RUN
NHS .3 URS
€131
INFQ-w% FOST DOCK e ]
1225 4 A 2310 M 4 tam L0 58 ™S -CK ALL ENG ANR CSD OIL AFTER POST DOCK ENG RUN
D
e i i M




APPENDIX

APPENDIX B--Manhours for McGuire 1S0’s (Major) Oct-Dec 87

59




06 JAN 88/0819 (VIRF-M379S11 ) MAN HRS FOR MCGUIRE IS0°S (MAJOR) OCT - DEC 87
JCN MAN HR JCN MAN HR
_ Coo1 215.0 Co37 36.6
€002 31.4 co38 920.9
€003 22.5 co39 4.4
€004 57.0 €040 \?Fﬁgff
L Co0s 17.5 Co41 52,0 ’
C006 30.5S £042 35.1
Co07 38.5 C043 10.0
€008 5.5 CO44 30.8
Coo© 5.4 CO45 22,0
co10 13.3 CO4% 17.9
co11 8.8 €047 13.0
co12 25.0 C043 36.0
co1z 20.5 Co4% 35.5
- Co14 25.0 CoS0 41.0
co1s 17.5 cosi 30.5
co1s 10.9 £os52 23.0
Co17 28.8 Cosa 26.0
co18 18.1 CO54 16.5
coi¢ 33.0 coss 12.0
€020 28.3 Co55 18.4
co021 17.7 cos7 253..0
€022 2.2 co53 121.8
co2z 15.7 cosy 47.0
£024 546.5 €050 24,2
Co2s 27.4 cost 13.8
Co2s 37.5 Co&2 591.1 =
co027 29.9 €063 13.1
€028 32.2 €064 10.1
co29 15.5 . CoLs 11.1 ,
C030 39.3 C0s6 13.3 %
co31 34.0 Co047 83.0
Cco32 42.4 C068 56.5
co033 26.9 C069 42,5
€034 34.7 co70 47 .4 "
co3s5 19.8 co71 25.4
C034 14.9 co72 . 8.0
60
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[y

B 06 JAN 88/0819 (VIRF-M379S11 ) MAN HRS I'Ol MCGUIRE I1S0°S (MAJOR) OCT - DEC 87
. JCN MAN HR JCN MAN HR
; €074 187.0 Ci12 71.2
A co7s 20.8 C113 79.5
s 074 21.7 C1i4 170.0
_l €077 94.0 C115S 70.1
cova 191.4. C11¢é 73.0
co79 295.83 c117 73.0
Co80 231.5 c118 $4.0
*l' cosi 335.1 C119 59.0
cos2 120.4 €120 162.0
€083 280.1 €121 137.9
Co84 285.1 c122 51.0
£o8s 179.5 c123 04.5
coes 74.8 C124 257.5
cose 169.5 €125 148.5
C090 488.2 C126 83.5
co91 549.5 c127 89.8
Co92 118.5 c12¢ 763.8
€093 46.0 C129 30.0
C094 61.0 €130 .4
CO9S 325.8 C131 4.5
CO%¢é 119.5 C1322 4.5
Co%7 107.5 C133 4.7
Co9s 79.5 C134 13.1
C09? 84.1 €135 74.5
€100 $6.0 €134 24.3
c101 159.4 C137 20.3
c102 5.5 C138 27.4 -~
€103 4.2  C139 .0
C104 121.0 €140 11.0
€105 59.9  Cl41 - 76.0
C106 296.0  C142 8.2
C107 442.0  C143 6.5
C108 155.0  C144 42,5
C109 187.1  C145 43.0
€110 114.8  Cl4é 44,0
Ci11 159.1  C147 11.0
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APPENDIX C--Manhour Summary, Random ISO, Alrcraft 157
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